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During th巴 pastfew years it has become recognized that the proper use of 
water and electrolyte solutions is of essential importance in surgical patients. In 
foreign countries, especially in the United States, various kinds of electrolyte 
solutions have been widely used in order to maintain the normal levels of 
electrolytes and water in plasma and tissue cells. In this country, however, such 
electrolyte solutions other than 0.9九 sodiumchloride solution and Ringer’s solution 
have not yet generally come into tise. 
In this report, laboratory data in our clinic wil be presented, regardi【1gthe 
comparison of e任ectsof B. E. $. and oth巴rsolutions‘commonly used for infusion. 
B. E. $. is a new electrolyte solution, reported by C. L. Fox and his co-workers 
in 1951. The characteristic of this solution is that potassium and bicarbonate 
precursors are present twice in amount, while sodium, chloride and magnesium in 
the same proportion as found in normal human plasma. The composio~1 of B. E. 
S. is compared in Table I with normal human plasma, and other common infusion 
solutions. Approximating formula for preparation of B. E. S. are shown in Table 2. 
Table I. -- Comparison of B. E. S .Plasma 
and Other Solutions. Concentrations are 
given in mEq. per liter. 
｜山I .S. ~~tl Plasma B:E  Ringer ・arrow
Na 140 140 154 147 122 
Cl 103 103 154 157 104 
HC03 27 55持 。 。 53報奨
K 5 10 。 4 35 
Ca 日 5 。 6 。
,¥1g 3 3 。 。 。
HCOs yielded by metabolism of acetate持 or
lactate訴さe
Table 2.－ー Approximate formula for 
preparation of B. E. S., 
I B.El. in M伽 Gramsper liter 
S. Wt. to be used 
NaCl 103 58.5 6.03 
K Acetate 10 98 0.98 
Na Acetate 37 82 3.03 
Ca Citrate 5 570焚 0.475 
l¥Ig Citrate 3 703養器 0.585 
報 Ca3(C6H507)2.4H20 divide by 6 for milieq_ 
uivalents : 
570 6 × 5=475 mg. 
州 Mgs(CsHo0;)2・ltH包Odi vi de by 6for milieq ・ 
uivalents : 
70『f ×5= 585 m~. 
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ADVANTAGES OF B. E. S. 
C. L. Fox and his co-workers have shown that during the自rstforty hours 
・ after operation, large amounts of potassium are excreted in the urine from 
traumatized muscles, and in addition, since the taumatize<l mu~cles acquire 
sodium, chloride and water, the postoperative potassium defiicit and retention of 
salt would appear to result largely from the excretion resp. deposition of thes 
ions and water. Furthermore, they have ascertained that the more extensive the 
operative procedure and the greater the degree of local traumatization, the greater 
would also appear the unbalance of these ions, and that the use of B. E. S., instead 
of 0.9,% saline solution, in surgical patints, would result in the rapid renal 
excretion of water, sodium and chloride, and maintain essentially normal levels 
of potassium and bicarbonate in plasma and of extracellular ions, i.e. sodium 
and chloride. Thus, C. L. Fox and his co-workers have contended that B. E. S. 
is a much better electrolyte solution than 0.9% saline solution or Ringer’s solution. 
In addition, we are interes七edin that magnesium ioロisalso present・inB. E. 
S. in the con~entration similar to that of normal plasma, because as to the 
effects of various kinds of electrolytes on the metabolism of the nervous systeme 
it has been generally accepted that sodium ion controls both aerobic and anaer-
obic glycolysis in nerve cels, while magnesium and potassiじmions accelerate such 
glycolysis, thus subserving to prevent disturbances of neuromuscular functions. 
On the theoretical grounds above mention:d, B. E. S. has been used in our 
clinic since September 1952, instead of 0.9% saline solution and Ringer’s solution 
for infusions as well as for washing of the exposed brain during the intra cranial 
operat10n. 
RESULTS 
In an e妊ortto determine whether this solution o妊ersany actual advantages, 
19 patients were selected, in 11 of which B. E. S. and in 8 0.9,% saline solution was 
administered respectively and the changes in the plasma patassium and chloride 
levels were measured before and after 24 hours and the seventh day following 
operation. In som巴otherpatients, especially after gastrectomy, the electrocardio-
graphic changes were concomitantly observed on the third to fifth day postopera-
tively. As shown in Table 3, most patients received 200-400 c. of blood and 
1000-1500 c. of either B. E. S. or 0.9% saline solution at the time of operation. 
Then on each succeeding postoperative day, usually 500 c. of either B. E. S. or 
0.9,% saline solution and 50-100 cc. of 20 % glucose were given until fluid intake 
wholely by mouth became tolerated. No other intravenous solutions were used. 
The individual cases are shown in Table 3 and several remarks will be made : 
1. Within 24 hours after operation, out of 11 cases receiving B. E. S. only 
2 showed a decrease in the concentration of potassium in plasma. In contrast, in 
6 cases out of 8 receiving 0.9.% saline solution, more or less decrease in the cone・
entration of potassium in plasma was demonstrated. 
2・ f.nysigrtifaa.nt chang~ in. the concentratio11 Qf <;:hloride in plasma coulど
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Table 3.－ー Changes in the plasma potassium and chloride levels. Concentrations are 
given in mEq. liter. 
( l ) Patients administered B. E. S. 
K CI 
Operation Age sex 
Intake during 
Pos:op. day~ Posiop. day~ 
the operation Before Before 
op. op. 
51 M. i訓 Bl. 4.4 4.7 4.3 98 89 97 1000 B. E. S. 
53 抵 ＇103岨oo B.BJ:s. 4.2 4,6 4.7 106 99 99 
Gastrectomy 50 F 200 Bl. 4.5 5.3 4.7 109 107 109 .1000 B. E. S. 
27 300 Bl. 5.1 5,1 5.2 106.5 100.5 101.5 F・ 1000 B. E. S. 
30 200 Bl. 4.5 5.0 4.7 104.5 104 104.5 F・ 1000 B.E. S.
c…川 61 F・ 1000
山 戸… M・ 1000
22 ノM. 200 1000 
Craniotomy 200 14 F. 1500 









5.2 5.9 5.2 107.5 108.5 99.5 
4.0 5,1 3.7 92 86 90 
4.9 5.1 5.2 110.5 104.5 104 
4.3 5.2 4.5 108 112 
4.6 3.7発 5.2 110.5 103.5 98.0 
4.0 3.9発 3.5 94.0 97.0 104.5 
( 2) Patients administered 0.9% saline solution 
I 34 ~1. 400 Bl. 4.4 3.7 4.3 90 98 104 】000 NaCl 
200 Bl. ! 13 F. 1000 NaCl 5.3 4.l 3.4 108.5 103.5 104 
200 Bl. Craniotomy 50 M. 5.7 4.8 111.0 104.0 107.5 1000 NaCl 
! 27 F. 4.00 Bl. 3.6 4.7持 3.4 102,5 101.5 103.5 
I 18 
1000 NaCl 
M. 200 Bl. 4.7 3.9 4.4 103.0 101.5 94 1000 NaCl 
Gas…y I 
Cho…tomyl 
Extirpation of I 
rectal cancer I 
54 M. 200. Bl. 4.4 4.0 4.3 1000 NaCl 100 98 
57 '.IL 200 Bl. 4.5 3.9 1000 NaCl. 5.2 110.5 106.5 98 
43 ),.f. 800 Bl. 4.7 4.9脅 3.8 96.5 1000 NaCl 101.0 94 
not be found. 
3. Electrocardiographic五ndings: When 0.9% saline solution was administered 
in the cases of gastrectomy, most of them tended to show the following electro-
~ardiographic chan~es accompanying the !ow co!'!c~ntr~tion? of potas?ium in 
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plasma on the the third to五fthday postoperatively: (1) slightly prolonged Q-
T interval, (2) decreased height and inversion of the T waves, ( 3) rounded and 
prolonged T waves and ( 4) depression of the S-T segments. These changes could 
not be found in the cases rece_v-ng B. E. $ . 
DISCUSSION 
The results obtained seem to indicate that following the use of B. E. S. there 
occurs less variability of plasma potassium and chloride levels, as compared with 
0.9% saline solution. However, it should be noted that in none of these patients, 
even in those indicating a marked decrease, did the plasma potassium level fall 
below 3.5 mEq. per liter or into such a low range that hypopotassemia or the 
symptoms associated with it might be expected to occur. This seems to be due 
(I) to the use of 'B. E. $. or 0.9% saline solution in a relatively small amou t, 
and (2) to the incomplete washing of the stmach before gastrectomy. It seems 
that the larger amount of infusion solution be administered, the greater would be 
the changes in the plasma potassium and chloride levels. 
Moreover, in the metabolism of potassium, it is to be noticed that low plasma 
potassium_ is not always demonstrable in the potassium deficiency of the entire 
body, because potassium exists largely within the cells. However, according to 
Hewitt and his co-workers, 94 mEq. of potassium was lost in五vepostoperative 
day totals and correspondingly the decrease in the plasma potassium level was-
found to be more than 1 mEq. per liter. Therefore the measurement of plasma 
potassium seems to be useful for the estimation of the metabolism of potassium, 
at least for the comparison of daily changes in its metabolism. 
SUMMARY 
B. E. $. has been used in our clinic since September 1952, instead of 0.9% saline 
and Ringer’s solution. Judging from the changes in the plasma potassium and 
chloride levels, and in the electrocardiograms before and after operation, B. E. S. 
appears to be a better electrolyte solution than 0.9% saline solution or Ringer’s 
solution. 
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B.・E. S.を用いている.B. E. S.を用いた場i守と，生
3理的食糧71'<を用いた場合に於て，術前，術後の血清中
のK,ClC＇）変動，心電図の変化を検討した結果，B.E.
s.を用いた場合の方が生想的食塩水をmいた犠合より
も確かに優秀な事を認めた． ， 
